This is a retrospective review of 24 elderly patients with upper cervical adjacent segment disease (ASD) after anterior cervical discectomy and fusion (ACDF), treated with posterior cervical fusion (PCF) and stabilized with cages placed bilaterally in the facets. Eight out of 24 patients had PCF with laminectomy (PCLF). Length of stay for PCF alone cohort was 30 ± 11 h, operative time was 44 ± 11 min and estimated blood loss was 46 ± 26 cc. In the PCLF cohort, hospital length of stay was 73 ± 32 h, operative time was 92 ± 18 min, and blood loss was 155 ± 58 cc. The pooled sample showed significant decreases in mean NDI and VAS for neck and arm pain at each follow-up visit (6 weeks, 3, 6, 12 months) compared to baseline (p < 0.0001). All 19 patients that returned for an additional visit, after 12 months visit, continued to report an improvement over the baseline VAS and NDI scores. For those patients treated with PCLF, Nurick scores improved by more than one point in 62% of patients. The overall fusion rate was 96%, including all 16 patients treated with PCF alone (fusion defined as less than 2 mm interspinous movement on dynamic X-ray), and in 7 out of 8 patients treated with PCLF (fusion defined as less than 3 degrees angulation). There was one asymptomatic non-union. There were no significant changes in the overall cervical lordosis (p = 0.436) or segmental lordosis (p = 0.449), and no device-related complications.
Introduction
Adults treated with Anterior Cervical Discectomy and Fusion (ACDF) for degenerative disc disease, most commonly at middle cervical spine levels, can develop Adjacent Segment Disease (ASD) of the upper cervical spine as they age. Symptoms of upper cervical foraminal stenosis include headache and pain in the neck and shoulders, while central stenosis results in myelopathy with numb, clumsy hands and spastic gait [13, 11, 9] . Surgery is indicated for progressive neurologic deficits and debilitating symptoms, but the benefits of surgery should be considered in light of the lengthier hospital stays, excess complications, and higher mortality rates associated with spine surgery in elderly patients compared to general adult patients [5] . There are anatomic considerations as well; while an anterior approach is recommended for ventral pathology and kyphosis, access to the upper cervical segments in the elderly can be challenging due to spinal foreshortening and the location of the jaw. Retraction may result in oropharyngeal dysfunction and perioperative aspiration, which can worsen dysphasia from prior ACDF [2, 21] . Retained anterior hardware from prior ACDF may also compromise access to and instrumentation within the upper cervical segments. For these reasons, a posterior approach may be preferred.
PCF with cages placed bilaterally in the facets may be an option to be considered for the treatment of the elderly patients. This technique has been shown to benefit patients with cervical spondylitic radiculopathy [7, 6] . In addition, this procedure can be performed with a tissue sparing access incision, which has the potential to reduce operative morbidity and length of stay in the elderly. Good results have also been reported using PCF with cages placed bilaterally in the facets during open laminectomy [10] . While previous reports describe outcomes for general patient population, nothing has been reported on the use of this technique for the elderly. We reviewed a series of 24 patients ages 70-85 with symptomatic upper cervical stenosis from adjacent segment disease treated with PCF with cages placed bilaterally in the facets for symptomatic radiculopathy, or PCLF with cages placed bilaterally in the facets for myelopathy. 
Methods
A retrospective study was undertaken at Saint Francis Memorial Hospital, San Francisco, CA. The study was deemed exempt from IRB review under 45CFR46.101 by an independent central IRB (ethical and independent review services, Corte Madera, California). The Central IRB determined that no informed consent was necessary due to the nature of the study being a retrospective chart review with minimal risk to patient safety. Medical records of patients 70 years of age and older, who had prior index ACDF(s), and upper segment ASD treated with target surgery PCF and PCLF with cages placed bilaterally in the facets, were reviewed. All patients treated consecutively between 2014 and 2016 that met inclusion criteria and had minimum 1-year follow-up were included in this study. Patient records were reviewed for demographic characteristics, presenting symptoms, neurologic assessment, MRI findings of myelomalacia, comorbidities, and perioperative metrics. Information on the index ACDF surgery, a total number of ACDF surgeries, fusion levels and instrumentation type were recorded.
Duration of the target surgery was defined as the time from the start to the end of general anesthesia. Hospital stay was defined as the time from the end of surgery to discharge. Blood loss was obtained from anesthesia records. Surgical complications occurring within 30 days of the surgery were noted. Clinical outcome measures were neurological status, Neck Disability Index (NDI) and visual analog scale (VAS) neck and arms pain scores. Scores were obtained preoperatively and at 6 weeks, 3 months, 6 months, one year, and at the last follow-up. Nurick myelopathy scale score was assigned by an independent neurosurgeon reviewer retrospectively based on chart notes at preop, 6 months and one year [12] .
Standing pre-operative cervical X-rays were obtained in all patients. Standing and dynamic films were obtained at one year and at last follow-up beyond one year. Films were independently reviewed by a board-certified radiologist. The sagittal balance was calculated using the preoperative lateral c-spine X-ray, with the last visit used as the postoperative study of choice. Spinal alignment was measured from C2 and C7. Alignment of the fused segments was also determined. For PCF patients, non-union was defined as greater than 2 mm motion between spinous processes on flexion-extension lateral radiographs; For PCLF patients, nonunion was defined as angular motion >3 degrees. Presence of bridging bone was assessed.
Within-patient changes in NDI, VAS and segmental lordosis measurements were compared using the Wilcoxon Signed Rank test. A mixed model for repeated measures with baseline included as a fixed covariate was used to estimate means and 95% confidence intervals at each time-point through 12 months follow-up. These models were adjusted for the within-patient correlation using an unstructured variance-covariance matrix. Procedure was included as a fixed covariate. Differences in NDI and VAS by treatment were tested by adding a visit-by-procedure interaction to the model. Comparisons between the PCF and PLCF cohorts were assessed using the Wilcoxon Rank-Sum Test. A p-value 0.05 was considered significant. All p-values and confidence intervals are 2-sided.
PCF technique
Tissue-sparing access PCF technique without laminectomy, previously described [8] was performed using the DTRAX TM spinal system (Providence Medical Technology Inc., Pleasanton, CA). Briefly, the patient was positioned prone with the face on a radiolucent support after general anesthesia. Biplanar fluoroscopy was positioned over the neck and adjusted to obtain satisfactory apical and lateral views. An incision was made 2-3 levels below the target level and carried through the subcutaneous tissues and ligamentum nuchae. Paraspinal muscles and fascia were dissected off the midline and displaced laterally. An access chisel was inserted through the incision into the target facet and advanced until it abutted the pedicle of the rostral vertebra. A trephine decorticator was then advanced over the chisel to dissect soft tissue off the lateral lamina and lateral mass to decorticate bone. Decortication was performed using fluoroscopic guidance and direct visualization as needed by removing the access chisel and looking through the hollow trephine decorticator at the lateral mass bone. A guide tube was then placed over the access chisel to maintain facet distraction, provide visualization and serve as a working channel. The access chisel was then removed, and rasps and burrs were inserted through the guide tube to decorticate facet articular surfaces. After joint preparation, CAVUX TM cervical cage (Providence Medical Technology Inc., Pleasanton, CA) was packed with bone graft and inserted through the guide tube into the facet. Bone graft was then inserted through the guide tube over the lateral mass decortication bed. Instruments were withdrawn, paraspinal muscles and subcutaneous tissues were sequentially closed with sutures, and a sterile dressing was applied. The procedure was then repeated on the contralateral side. A case example is presented in Fig. 1. Fig. 1A shows the sagittal MRI of 73 old female patient with anterior C4-C7 fusion with delayed posterior revision for pseudarthrosis. There is adjacent segment disease at C3-4, causing radicular symptoms ten years after the index ACDF. Fig. 1B presents an X-ray of the same patient prior to cage placement; 1-C shows the post-op X-ray image with cervical cages placed at C3-C4. After the procedure, patients were fitted with a soft collar and instructed to wear it 4 weeks.
PCLF technique
Patients with symptomatic cord compression underwent fiber optic or glide scope intubation and then were placed in a 3-pin head holder and put in a prone position with the neck neutral to slightly flexed. A laminectomy was first performed at C2-C5 as necessary. A high speed drill was used to decorticate the lateral mass. Foraminotomy was not performed. Posterior cervical cages were placed bilaterally in the facets using direct visualization with steps as outlined above, but only using a lateral fluoroscopy. Local bone graft was placed over the lateral mass and the wound was closed. A case example is presented in Fig. 2. Fig. 2 -A is an image of a cervical MRI in a 75-year old male with ASD at C3-5, after ACDF at C5-6 without hardware that was completed ten years prior to the current procedure. flexion and extension X-ray images after C3-C5 laminectomy and placement of cages in the facets. After the procedure, patients were fitted with a soft collar and instructed to wear it 4 weeks.
Results
Medical charts of 24 patients were available for review. Table 1 presents patient demographics and baseline characteristics. Eleven were male and 13 were female. Sixteen patients were treated with PCF and 8 with PCLF. Last index surgery resulted in fusion at C5-C7 in 8 patients, C4-5 in 3, C5-6 in 7, C4-6 in 3, and C4-C7 in 3 patients. Six patients had a total of 2 prior ACDF surgeries and 2 had three anterior cervical spine surgeries. Five had spontaneous fused interspaces, of which 3 were adjacent to a surgical fusion. Seventeen index surgeries were allograft bone and plate, 3 were cages and plates, 2 were cages and 2 were anterior discectomy and fusion without hardware.
Presenting clinical and radiologic findings, as well as comorbidities are summarized in Table 2 and a breakdown of the target cervical levels for each procedure is listed in Table 3 . Demineralized bone matrix allograft was used as graft material for PCF in 16 patients. A mixture of allograft and lamina and spinous process bone was used in the 8 patients with PCLF. Median follow-up time for all patients was 18 months (range 12-33 months). All patients completed at least 12 months follow up. One patient died of a hemorrhagic stroke 13 months after surgery. Twenty patients returned for an additional follow up after the 12 months visit. The median follow-up for this visit was 18.5 months (range 13-33 months). Perioperative metrics for PCF were as follows: mean length of hospital stay of 30 ± 11 h, operative time of 44 ± 11 min, and estimated blood loss was 46 ± 26 cc. In patients treated with PCLF, the hospital length of stay was 73 ± 32 h, the mean operative time was 92 ± 18 min, and blood loss was 155 ± 58 cc. Length of stay, operative time, and blood loss were all significantly less (p < 0.05) in the PCF cohort compared to the PCLF. The mean length of stay for the entire cohort was 44 ± 29 h.
There was a clinically significant and sustained decrease in the mean values of NDI and VAS for neck and arm pain at each followup through 12 months as compared with the preoperative values for the entire cohort (Table 4 , Graph 1). For those 19 patients that had an additional follow up visit after 12 months with NDI data, all presented with sustained improvement in NDI over baseline, with 74% of these patients reporting an improvement of at least 15 points compared to baseline NDI.
In the subset of patients with symptomatic spinal cord compression (8 patients) treated with PCLF, the mean preoperative Nurick grade was 3.3 ± 0.9, which decreased to a mean score of 2.3 ± 0.7 at 6 months and 2.1 ± 1.0 at one year and remained unchanged through the last follow up. Five patients (62%) had improvement of at least one Nurick grade, and in the remainder, Nurick grade was unchanged. Improvement in scores was not statistically significant (p = 0.67). Residual hand numbness was the main residual complaint in five patients.
Standing cervical and lateral flexion and extension X-rays were obtained for all 24 patients at a mean follow-up time of 20 months. Twenty three of 24 patients had arthrodesis (96%). All 16 patients treated with PCF were fused at last follow-up as determined by less than 2 mm interspinous movement on dynamic films. In addition, bridging bone was observed on the X-ray in 3 of these patients. Seven patients with PCLF were fused as determined by dynamic films with less than 3 degrees angulation. In addition, two of these had bridging bone visible on the X-ray. One patient treated with C3-C5 PCLF had 4 degrees angulation at C4-C5 on dynamic films. This patient was a smoker. The implant was well positioned in the facet without obvious halo or dislodgement. This patient was doing well clinically, and no additional testing or intervention was performed. Table 5 presents measurements of segmental and overall cervical lordosis pre-operatively and at 1 year follow up. There was no significant difference in the pre and postoperative segmental (p = 0.436) or overall cervical lordosis (p = 0.449) at fused levels. In addition, analysis of PCF and PCLF groups detected no significant change in the segmental lordosis.
Adverse events
One patient with laminectomy had an epidural hematoma and required reoperation for clot evacuation. This patient received low molecular weight heparin 48 h post procedure. This patient required 6 days of hospitalization and required a two-week course of inpatient rehabilitation to treat neurologic deterioration. The patient improved and Nurick score returned to baseline by 3 months post-procedure. Other adverse events were a urinary tract infection in 1 patient and 1 patient with laminectomy who was reintubated for aspiration and treated for pneumonia. There was one readmission for medical reasons. Four patients treated with PCLF required a nursing care unit. There were no device related serious adverse events during the follow-up.
Discussion
ACDF has gained wide acceptance as the gold standard for the treatment of cervical degenerative disc disease in the past halfcentury, so the number of patients who will develop adjacent segment disease in the upper cervical spine in advanced age will increase. The general aging of the population and longer life after ACDF procedures are both likely to exacerbate this trend, so safe and effective treatment for spinal stenosis in elderly patients is an unmet need [5] . The upper cervical spine has several unique challenges that often preclude an ACDF for recurrent radiculopathy or myelopathy. The jaw location and anterior retraction up to C2 and C3 and C4 may result in acute oral pharyngeal dysfunction, aspiration, and long-term swallowing problems. Posterior approaches are technically easier in the upper neck. PCLF is preferred for those patients treated with multiple ACDF's. Xu [23] reported a retrospective review of 888 patients who had an ACDF. One hundred and eight required a second surgery, and 27 required a third ACDF procedure whereas posterior approaches were associated with a lower incidence of adjacent segment disease and reoperation rate.
This study reports a series of 24 patients older than 70, who developed upper cervical stenosis from C2-C4 after prior ACDF (s). Eight had multiple prior ACDF procedures. PCF with cages, placed bilaterally in the facet, using tissue sparing access technique, for axial neck pain and radiculopathy (16 patients), and PCLF with cages for myelopathy (8 patients) , were included in the study. Overall perioperative metrics for PCF and PCLF were favorable. The overall mean length of stay for the entire cohort was 46 ± 12 h, which compares favorably with other reported series. Shin et al. [15] reviewed 2667 patients treated with PCF using the American College of Surgeons National Surgical Quality Improvement Program database and, reported a mean length of stay of 3.92 days. Increased length of stay was found to be associated with dependent functional status, diabetes, preoperative anemia, American Society of Anesthesiologist Class 3 or 4, and a number of levels fused. Sekhon [14] reported on 50 cases of posterior cervical decompression for spondylotic cervical stenosis. The length of stay in this report was 5-10 days and operative time was 2-3 h. Reduced length of stay, reduced blood loss and shorter operative time in this series could be attributed to the minimal access approach used in the 16 patients treated with PCF. Mean length of stay for this cohort was 30 ± 11 h, or 1.3 days. Length of stay, operative time and blood loss were significantly decreased compared to the PCLF cohort in which a standard open approach was used. The novel tissue sparing technique [24] results in less soft tissue dissection. Smith [18] reported a reduction in perioperative morbidity in a study of PCF revision of pseudoarthrosis after ACDF. Length of stay in that study was 1.4 days versus 4-5 days with traditional open surgery. In the 8 patients treated with PCLF a standard open approach was used and the length of stay was longer at 3 days. These patients were myelopathic and precarious neurologic status also likely contributed to a longer hospitalization.
The target surgery was effective and generally well-tolerated. The mean NDI and VAS scores were significantly improved at all follow-up time points. These results are similar to NDI and VAS scores reported by McCormack et al. [7] in a prospective study of 60 patients with cervical spondylosis and stenosis treated with posterior expandable cervical fusion cages. Comparable improvement in VAS and NDI scores were reported by Smith et al. [18] in a retrospective review of 25 patients with pseudoarthrosis after ACDF treated with posterior cervical cages placed bilaterally in the facets, and in select cases, anterior revision. Dynamic X-ray showed fusion in 23 patients (96%) at a mean follow-up of 18 months. Nurick scores improved by more than one point in 5 out of 8 patients with myelopathy. Benefit in myelopathy scores was modest and did not reach statistical significance. Incomplete recovery on Nurick myelopathy score for cohort was attributed to advanced age, myelomalacia on preoperative MRI in 4 patients (50%), and post-operative wound hematoma requiring reoperation in one patient. 
